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ABSTRACT 

Background Cognitive domain deficits can occur after 
aneurysmal subarachnoid haemorrhage (aSAH) though 
few studies systemically evaluate its impact on 1-year 
outcomes. 

Objective We aimed to evaluate the pattern and 
functional outcome impact of cognitive domain deficits 
in aSAH patients at 1 year. 

Methods We carried out a prospective observational 
study in Hong Kong, during which, 168 aSAH patients 
(aged 21-75 years and had been admitted within 96 h 
of ictus) were recruited over a 26-month period. The 
cognitive function was assessed by a domain-specific 
neuropsychological assessment battery at 1 year after 
ictus. The current study is registered at ClinicalTrials.gov 
of the US National Institutes of Health (NCT01 0381 93). 
Results Prevalence of individual domain deficits varied 
between 7% to 15%, and 13% had two or more 
domain deficits. After adjusting for abbreviated National 
Institute of Health Stroke Scale and Geriatric Depressive 
Scale scores, unfavourable outcome (Modified Rankin 
Scale 3-5) and dependent instrumental activity of daily 
living (Lawton Instrumental Activity of Daily Living<15) 
were significantly associated with two or more domain 
deficits and number of cognitive domain deficits at 
1 year. Two or more domain deficits was independently 
associated with age (OR, 1.1; 95% CI 1.1 to 1.2; 
p<0.001) and delayed cerebral infarction (OR, 6.1; 95% 
CI 1.1 to 33.5; p=0.036), after adjustment for years of 
school education. 

Interpretation In patients with aSAH, cognitive 
domain deficits worsened functional outcomes at 1 year. 
Delayed cerebral infarction was an independent risk 
factor for two or more domain deficits at 1 year. 



INTRODUCTION 

Although aneurysmal subarachnoid haemorrhage 
(aSAH) accounts for only 3% of strokes, its pro- 
found consequences and unique window for inter- 
vention have justified its classification as a separate 
entity. 1 Estimated independence varied between 
36% and 60% only after aSAH. 2 3 Previous studies 
have suggested that 27-44% of patients who 
returned to the community exhibited cognitive dys- 
function. In a systemic review of aSAH cognitive 
dysfunction, the main cognitive domain impair- 
ments reported included memory, executive func- 
tion and language, the prevalence of which ranged 
from 0% to 76% among different studies, although 
few studies explored the correlations between 



domain-specific cognitive deficits and disability. 3 
Previous reports confirmed that cognitive deficits 
were associated with functional outcome at 
3 months after aSAH. 7 8 However, they were not 
adjusted for motor function. There was also sugges- 
tion that cognitive dysfunction might further 
improve even after 9 months. 9 It would be of inter- 
est to understand the pattern and impact of chronic 
cognitive dysfunction on functional outcomes. 

There is another important reason to understand 
impact of cognitive impairment after aSAH. 
Currently employed neurological outcome mea- 
sures may not be disease-sensitive enough to detect 
aSAH-related brain injuries, and this lack of sensi- 
tivity may account for negative results in aSAH 
neuroprotection trials. Cognitive impairment was 
thought to be a potential candidate to target in 
future clinical trials. Thus, there is an urgent need 
to better understand cognitive impairment after 
aSAH. 

We therefore aimed to (a) describe the cognitive 
domain deficit pattern at 1 year; (b) evaluate the 
impact of cognitive domain deficits on functional 
outcomes at 1 year. 

METHODS 

This prospective observational four-center study 
was carried out in Hong Kong. It is registered at 
ClinicalTrials.gov of the US National Institutes of 
Health (NCT01038193) and has been approved by 
hospital ethics committees. This study conforms to 
the Declaration of Helsinki, and written informed 
consent was obtained from all of the participants 
or their next of kin. 

The patient inclusion criteria were: (1) spontan- 
eous SAH with angiography-confirmed aetiology 
of intracranial aneurysms; (2) hospital admission 
within 96 h after ictus; (3) between 21 and 
75 years of age; (4) a speaker of Chinese 
(Cantonese); and (5) informed consent from the 
patients or their next of kin. The patient exclusion 
criteria were: (a) a history of previous cerebrovas- 
cular or neurological disease other than unruptured 
intracranial aneurysm; or (b) a history of neurosur- 
gical operation before ictus. 

Delayed cerebral infarction due to the delayed 
cerebral ischaemia (DCI) is defined as a new cere- 
bral infarction identified on CT scans after the 
exclusion of early (including procedure-related) 
infarctions. 10 Early infarction is defined as hypo- 
density apparent on the post-treatment CT scans at 
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around 12-24 h after aneurysm treatment. All of the recruited 
patients had delayed CT scans of their brains at 2-3 weeks after 
presentation available for assessment. The diagnosis of cerebral 
infarction due to DCI was made by site investigators and con- 
firmed by a local neuroradiologist. 

ASSESSMENTS 

Assessments were conducted 1 year after ictus by one of the two 
research assistants (psychology graduates) trained by a post- 
doctoral research psychologist. 

Neuropsychological tests for cognitive domains 

The battery of cognitive assessments had previously been 
applied in our local Chinese population. 11 The choice of the 
battery of cognitive assessments is based on: (a) Previous cogni- 
tive studies in local Chinese patients and standard cognitive tests 
validated in the Cantonese-speaking population; (b) A balanced 
battery covering verbal and visuospatial memory, attention and 
working memory, executive functions, psychomotor speed, and 
language. 



E. Language domain 

1. Modified Boston Naming Test (mBNT). 19 The Boston 
Naming Test is the most frequently used confrontation 
naming test for assessing language. Here, we have used a 
validated modified version that contains 15 stimuli appropri- 
ate for use in Chinese cultures. 19 
Cognitive domain scores were computed by averaging the z 
scores of the respective test measures derived from the estab- 
lished age-matched and education-matched norms. A cognitive 
domain deficit was defined through a cognitive domain z score 
< — 1.65 (below the fifth percentile). We employed the presence 
of two or more cognitive domain deficits rather than any cogni- 
tive domain deficits as the definition of cognitive impairment as 
in neuropsychological outcome study of the International 
Subarachnoid Aneurysm Trial. 20 

Modified Rankin Scale 

The Modified Rankin Scale (mRS) is a valid and clinically rele- 
vant instrument that is used to assess recovery (death, disability, 
and dependence) after stroke and is a commonly used outcome 
measure in SAH studies. 21-24 The mRS ranges from 0 (no symp- 
toms) to 6 (death). Unfavourable outcome in survivors is 
defined as mRS 3-5. 



A. Verbal memory domain 

1. Hong Kong List Learning Test (HKLLT). 12 The HKLLT was 
developed based on the California Verbal Learning Test, 
which has been used in vascular cognitive impairment 
studies. It is a verbal learning and memory test that consists 
of two 16-word lists with three learning trials with immedi- 
ate recall, 10-min delayed recall, and 30-min delayed recall 
and recognition for each list. The HKLLT has been validated 
in both normal and pathological local populations. 12 

B. Visuospatial skill and memory domain 

1. The Rey Osterrieth Complex Figure 13 is a commonly used 
test for assessing visuospatial construction skills and visuo- 
spatial memory. 

C. Attention and working memory domain 

1. Verbal and visual digit span forward and backward from the 
Chinese Wechsler Memory Scale Third Edition 14 for the 
examination of simple attention and working memory. 
Verbal and visual spans have been used as donor scales for 
composite psychometric measures. 

D. Executive function and psychomotor speed domain 

1. Symbol-Digit Modalities Test. 15 This brief, easy-to- 
administer, timed coding test is a variant of the Digit-Symbol 
Coding Task in the Wechsler Adult Intelligence Scale-Third 
edition. Timed coding tasks have been used in studies that 
involve subjects with suspected vascular cognitive 
impairment. 16 

2. Color Trails Test (CTT). This test originated from the Trail 
Making Test (TMT), which is used for the timed assessment 
of psychomotor speed and executive functions. Using col- 
oured numbers instead of the English alphabet, the CTT is 
considered to be an acceptable cultural substitute for the ori- 
ginal TMT with similar psychometric properties. 17 

3. Animal Fluency. This test requires subjects to generate as 
many animal names as possible in 1 min. It is a simple timed 
test that sensitively measures speed and activation, as well as 
such executive processes as clustering, set-shifting, and 
retrieval. 12 18 



Chinese Lawton IADL Scale 

The Lawton IADL Scale is an appropriate instrument for asses- 
sing independent living skills. Items that are assessed include the 
ability to use the telephone, go shopping, prepare food, do the 
housekeeping and laundry, secure transportation, be responsible 
for medications and handle finances. 25 The Chinese version was 
previously validated and used. 26 

Geriatric Depressive Scale 

Poststroke depressive symptoms were assessed by the validated 
Chinese version of the 15-item version of the Geriatric 
Depressive Scale (GDS). 27 28 This scale had been validated to 
have satisfactory accuracy in detecting poststroke depression in 
the Chinese population. 29 

Abbreviated National Institute of Health Stroke Scale 

We assessed the motor outcome using Abbreviated National 
Institute of Health Stroke Scale (aNIHSS) that was previously 
applied in aSAH clinical trials. 30 31 The aNIHSS is a measure of 
the level of facial and limb movement and strength and is com- 
posed of the facial palsy section (one score from 0 to 3) and the 
motor section (four separate scores for each limb, from 0 to 4). 
The aNIHSS ranges from 0 (normal) to 19 (no movement). 

STATISTICAL ANALYSIS 

The statistical analyses were generated using SPSS for Windows 
V15.0 (SPSS Inc., Chicago, Illinois, USA) and MedCalc 
V12.2.1.0. Categorical data are given as numbers (percentages) 
unless otherwise specified; numerical data are given as medians 
and IQR. A difference with a p value of less than 0.05 was 
regarded as statistically significant. 

Binary logistic regression analyses were performed to evaluate 
the predictors of functional outcomes and two or more domain 
deficits using the enter method, with the F probability of entry 
set at 0.05 and that of removal set at 0.10. All analyses passed 
the goodness of fit tests, which included Omnibus tests of 
model coefficients and the Hosmer and Lemeshow tests. The 
ORs with 95% CIs and the percentage accuracy of classifications 
(with cut value of 0.500) were calculated. Cox and Snell R 2 and 
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Nagelkerke R 2 values provided an indication of the degree of 
variation in the dependent variable explained by the model 
(from a minimum value of 0 to a maximum value of approxi- 
mately 1). 

The reproducibility of assessments was not assessed because it 
was not the focus of this study and would have been impractical 
considering the study's design (possible rehearsal effect and 
additional inconvenience to patients and their families). 

RESULTS 
Patient cohort 

During the 26-month period, 168 aSAH patients, aged 21- 
75 years and admitted within 96 h of ictus, were recruited and 
consented to participate during the acute admission. The 
current cohort was an extension of our previous report cohort 
of 3 -month outcome. 8 Eighteen patients died before 1 year 
follow-up, 30 patients could not cooperate for assessments, and 
120 patients completed the assessments at 1 year. The profiles 
of the recruited patients are shown in table 1. Compared to the 
patients who completed the assessments, the patients who were 
not assessed (due to death or not follow commands) were more 
likely to be of less years of formal education, poor admission 
World Federation of Neurosurgical Societies grade and have 
DCI. 



Table 1 The recruited patient profiles at 1 year 




Patients not 
assessed at 
1 year 
(n=48) 


Patients completed 
assessments at 
1 year 
(n=120) 


p Value 


Age, median (IQR) 


56 (48-66) 


51 (46-61) 


0.124 


Male (%) 


25 (52) 


82 (68) 


0.089 


Hypertension (%) 


23 (48) 


41 (34) 


0.039* 


Years of school 


8 (6-9) 


9 (6-11) 


0.011* 


education, median 








(IQR) 








WFNS grade 






<0.001** 


I 


0(0) 


73 (61) 




II 


3(6) 


29 (24) 




III 


3(6) 


3(3) 




IV 


18 (38) 


11 (9) 




V 


23 (48) 


4(3) 




Location of aneurysm 






0.173 


Anterior circulation 


37 (77) 


104 (87) 




Posterior circulation 


11 (23) 


16(13) 




Aneurysm treatment 






0.517 


Coiling 


17(35) 


63 (53) 




Clipping 


19 (40) 


55 (46) 




Delayed cerebral 


16 (33) 


12 (10) 


<o.oor* 


infarction 








Modified Rankin 






<0.001** 


Scale (1 year) 








0 


0(0) 


36 (30) 




1 


0(0) 


21 (18) 




2 


0(0) 


48 (40) 




3 


0(0) 


13 (11) 




4 


0(0) 


1 (D 




5 


20 (42) 


1 (D 




6 


28 (58) 


0(0) 




*p<0.05. 
**p<0.01. 

DCI, delayed cerebral ischaemia. 
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Cognitive domain deficits 

The prevalence of cognitive deficits in the five tested domains 
ranged from 7% to 15% (table 2). The highest prevalence was 
in visuospatial memory and skill, and the lowest prevalence was 
in verbal memory as well as attention and working memory. No 
adverse events were reported in relation to the assessments. 

Functional outcomes 

At 1 year, unfavourable outcome (mRS 3-5) was independently 
associated with number of cognitive domain deficits (OR, 2.3; 
95% CI 1.4 to 3.8; p=0.002), aNIHSS score (OR, 2.1; 95% CI 
1.1 to 4.0; p = 0.021), and GDS score (OR, 1.24; 95% CI 1.1 
to 1.3; p<0.001), which correctly classified 87.5% of cases. 
Unfavourable outcome (mRS 3-5) was also significantly asso- 
ciated with the presence of two or more domain deficits (OR, 
8.8; 95% CI 1.9 to 39.4; p = 0.005), after adjustments of 
aNIHSS and GDS scores. 

At 1 year, dependent instrumental activity of daily living 
(IADL<15) was independently associated with number of cogni- 
tive domain deficits (OR, 1.8; 95% CI 1.1 to 2.9; p=0.015), 
aNIHSS score (OR, 1.9; 95% CI 1.0 to 3.5; p=0.038), and 
GDS score (OR, 1.2; 95% CI 1.1 to 1.2; p<0.001), which cor- 
rectly classified 89.2% of cases. Dependency (IADL<15) was 
also significantly associated with the presence of two or more 
domain deficits (OR, 4.4; 95% CI 1.1 to 17.8; p = 0.038), after 
adjustments of aNIHSS and GDS scores. 

Risk factors 

The presence of two or more domain deficits was independently 
associated with age (OR, 1.1; 95% CI 1.1 to 1.2; p<0.001) and 
delayed cerebral infarction (OR, 6.1; 95% CI 1.1 to 33.5; 
p = 0.036), after adjustment for years of school education. 
Admission World Federation of Neurosurgical Societies Grade 
and mode of aneurysm treatment was not significantly asso- 
ciated with the presence of two or more domain deficits. The 
presence of any domain deficit was independently associated 
with age (OR, 1.06; 95% CI 1.01 to 1.12; p=0.023), after 
adjustment for years of school education. Aneurysm location 
was not a significant risk factor for cognitive impairment. The 
binary logistic regression model as a whole explained between 
17% (Cox and Snell R 2 ) and 32% (Nagelkerke R 2 ) of variance 
in the presence of cognitive impairment and correctly classified 
89.2% of cases. 

DISCUSSION 

We identified cognitive domain deficits in 7 to 15 percent of 
patients 1 year after an aSAH and 13% had two or more 
domain deficits. The commonest deficit (15%) was in 



Table 2 Prevalence of cognitive domain deficits and cognitive 
impairment 





At 1 year 


Completed cognitive and neurological assessments 


120 


Verbal memory domain deficit 


8(7) 


Visuospatial skill and memory domain deficit 


18 (15) 


Attention and working memory domain deficit 


8(7) 


Executive function and psychomotor speed domain deficit 


11 (14) 


Language domain deficit 


9(8) 


>2 cognitive domain deficits 


15 (13) 


Data in number (%). 
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visuospatial memory and skill, which was essential for recording 
information about one's environment and its spatial orientation, 
might impact on fall risk, and was related to activity of daily 
living (Barthel Index) at 3 months. 3 7 32 Depending on the 
timing of assessments and definition, prevalence of visuospatial 
memory and skill domain deficits ranged from 14% to 49% in 
the literature. 3 We reported a low (7%) verbal memory domain 
deficit at 1 year as compared to 14% to 61% in the literature. 3 
Verbal memory is key to language understanding and communi- 
cation. The verbal memory finding should be further assessed 
with future hippocampal volume studies. In contrast to execu- 
tive function and psychomotor speed domain deficit, attention 
and working memory domain deficits were less common (7%) 
than previously reported due to the more stringent criteria than 
reported cut-off scores in the tests employed (verbal and visual 
digit span forward and backward from the Chinese Wechsler 
Memory Scale). 4 Our executive function and psychomotor 
speed domain and attention and working memory domain are 
considered by some authors as a broader category of executive 
function or cognitive 'control' (planning and organisation). 

Upon systemic review of clinical prediction models for aSAH, 
it was noted that neither Glasgow Outcome Scale nor mRS 
were developed for use in SAH 33 and their lack of sensitivity 
might explain the failure to show a benefit from the treatment 
of angiographic vasospasm and other interventions. 34 Cognitive 
outcome measures, in conjunction with other outcome scales, 
would improve outcome assessments in SAH trials. 

We showed that the presence of two or more cognitive 
domain deficits was associated with disability, as measured by 
mRS, and with IADL, as measured by Lawton IADL. 
Stroke-related brain injury often results in a combination of 
motor and cognitive impairments, and the presence of depres- 
sion may impact on functional outcome. Although aNIHSS and 
GDS scores might not completely discriminate the effects or 
presence of any motor impairment or depression, we demon- 
strated that the impact of two or more cognitive domain deficits 
on functional outcomes was independent of aNIHSS and GDS 
scores. Whether cognitive rehabilitation and medical treatment 
such as cholinesterase inhibitors could improve cognitive func- 
tion and neurological outcome should be further investigated. 35 

The findings of the current 1 year study cannot be directly 
compared with the 3 month Montreal Cognitive Assessment 
(MoCA) study results, as the definitions of cognitive impairment 
were different. 8 In the 3 month MoCA study, the objective is to 
investigate for alternations in cut-off scores to improve sensitiv- 
ity and specificity to predict functional outcome. Milder forms 
of cognitive impairment are less likely to be detected by the 
MoCA cut-off score 2 1/22. 36 In the current 1 year outcome 
study, we employed average z-scores below 1.65 in two or more 
domains as cognitive impairment. Both studies pointed to the 
significance of cognitive impairment to functional and neuro- 
logical outcome. Nevertheless, one must understand that cogni- 
tive impairment in relative isolation is devastating in working 
age people and mRS type outcome scales do not detect this 
important patient subgroup. Confidently identifying them with 
comprehensive cognitive testing, or better still, bedside or clinics 
screening is where further work is needed. 

As in normal aging and neurodegenerative diseases, age was 
shown to be the consistent predictor of presence of any cogni- 
tive domain deficit at 1 year. Delayed cerebral infarction was the 
other important predictor of presence of two or more cognitive 
domain deficits, supporting the recommendation that delayed 
cerebral infarction be included as a therapeutic target for clinical 
trials targeting neuroprotection after aSAH. 10 Our findings also 



echoed that presence of two or more domain deficits was a 
more sensitive cognitive outcome measure than presence of any 
domain deficit. 20 Delayed cerebral infarction was shown to 
predict unfavourable outcome in terms of Extended Glasgow 
Outcome Scale, poor outcome in terms of mRS, and dependent 
activity of daily living in terms of Barthel Index at 6 months, 
after adjustments for other prognostic factors. 37 In a recent 
meta-analysis, delayed cerebral infarction was predicted by 
haemorrhage load, clinical condition on admission, and other 
risk factors such as smoking. 38 These data further supported the 
importance to target delayed cerebral infarction in future 
researches. 

Limitations of this study 

This study has several limitations. First, despite the fact that the 
neuropsychological battery was validated in the Chinese popula- 
tion with established norms, it might not be sensitive and com- 
prehensive enough to detect all patients with cognitive 
impairment. 39 Self-reported cognitive impairment was not 
assessed in the current study. Second, the functional and cogni- 
tive domain outcomes are dichotomised for analyses rather than 
using the weighted continuous scores. The clarity in understand- 
ing the meaning of the categories may reduce the chance of 
detecting statistical differences. Third, we employed self-report 
of IADL instead of performance-based assessment. Although 
self-reporting facilitated the inclusion into the current battery of 
assessments, reliance of self-report may be biased by depressive 
symptoms. 40 Fourth, aNIHSS and GDS scores might not com- 
pletely discriminate the effects or presence of any motor impair- 
ment or depression. Fifth, although the whole battery of 
assessments was not validated for aSAH patients, individual tests 
were validated and applicable to our local population. Sixth, 
early cerebral infarction and their causes were not included in 
the design of the current multicenter study. They should be con- 
sidered in future study. Lastly, the battery of cognitive and func- 
tional assessments is tiring, although we offered a 5-10 min rest 
in the middle of the assessment sessions or divided the assess- 
ments between two consecutive days. Fatigue was not assessed 
during testing. 

CONCLUSIONS 

We were able to show that (1) Cognitive domain deficits 
occurred in 7% to 15% of the cohort and correlated with the 
disabilities and dependent instrumental activities of daily living 
at 1 year, independent of motor and depression scores; 
(2) Delayed cerebral infarction was an independent risk factor 
of cognitive impairment at 1 year. 
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